Objective: To assess the cost effectiveness of a community based exercise programme as a population wide public health intervention for older adults. Design: Pragmatic, cluster randomised community intervention trial. Setting: 12 general practices in Sheffield; four randomly selected as intervention populations, and eight as control populations. Participants: All those aged 65 and over in the least active four fifths of the population responding to a baseline survey. There were 2283 eligible participants from intervention practices and 4137 from control practices. Intervention: Eligible subjects were invited to free locally held exercise classes, made available for two years. Main outcome measures: All cause and exercise related cause specific mortality and hospital service use at two years, and health status assessed at baseline, one, and two years using the SF-36. A cost utility analysis was also undertaken. Results: Twenty six per cent of the eligible intervention practice population attended one or more exercise sessions. There were no significant differences in mortality rates, survival times, or admissions. After adjusting for baseline characteristics, patients in intervention practices had a lower decline in health status, although this reached significance only for the energy dimension and two composite scores (p,0.05). The incremental average QALY gain of 0.011 per person in the intervention population resulted in an incremental cost per QALY ratio of J17 174 (95% CI = J8300 to J87 120). Conclusions: Despite a low level of adherence to the exercise programme, there were significant gains in health related quality of life. The programme was more cost effective than many existing medical interventions, and would be practical for primary care commissioning agencies to implement.
T hose with active lifestyles enjoy better physical and mental health than sedentary people. 12 Observational studies have shown that exercise is associated with lower all cause mortality 3 and a reduced risk of coronary heart disease, 34 stroke, 56 and hip fracture, 78 and may prevent type II diabetes and mild to moderate depression. 9 There are many claims, and some evidence, that several other conditions may be prevented or improved by exercise. While this epidemiological evidence is considerable, there is only limited experimental evidence on the cost effectiveness of exercise interventions to promote health or prevent injury or disease. 10 11 As most of the diseases associated with sedentary lifestyles are also associated with increasing age, it is in older adults that the greatest benefits of exercise might be expected. One review of the evidence for benefit in adults aged 65 and over concluded that exercise would improve cardiovascular status, functional ability and mental functioning, and reduce fracture risk. 12 It also noted the virtual absence of reports of serious cardiovascular or musculoskeletal complications in older adults in any published trials. However, in practice we do not know how great the benefits might be or the costs of achieving them. Nor is it clear whether or not worthwhile public health benefits can be achieved for a population, as compared with benefits simply for few people at high risk.
We therefore undertook a pragmatic trial of an exercise programme that offered free supervised exercise sessions to all people over 65 in a defined population, who were not already in the most active quintile. The aim was to assess, in a similar way to other public health interventions, the cost effectiveness of a community based exercise programme for older adults from a health service perspective.
METHODS

Recruitment
Twelve general practices in Sheffield were recruited to the study. Practices were selected at random from those practices with two to five partners that were not already running an exercise programme, exercise prescription scheme, or related activity. Of 13 practices approached, 12 agreed to participate. Four practices were selected, using a computer random number programme, to act as intervention practices, with the remaining eight acting as controls.
All people aged 65 or over on both intervention and control practice lists were sent a baseline postal questionnaire to determine their general health status (using the SF-36) and current levels of habitual physical activity (using the physical activity questionnaire (PAQ) for the elderly). 13 Those with a physical activity score in the top 20% were excluded, as we assumed that they had little to gain from additional exercise. General practitioners were given an opportunity to exclude from the study any patient they felt was unsuitable for exercise.
A letter was sent from the research team to those meeting the inclusion criteria, inviting respondents to indicate an interest in attending local exercise sessions twice weekly. Once a timetable was arranged in each area a second letter was sent to respondents inviting them to the first session.
The intervention
The intervention was defined pragmatically, as an invitation to attend locally organised, free, twice weekly exercise classes Abbreviations: QALY, quality adjusted life year; PAQ, physical activity questionnaire provided for up to two years. Classes included activities aimed at improving joint mobility, muscle strength and endurance, flexibility, balance and coordination, and cardiorespiratory fitness. Strength training was carried out using resistance bands, with the number of repetitions increasing according to individual progress. These activities were led by a qualified exercise leader and typically performed to music.
Each session had a slow warm up with gentle stretch and mobility exercises to minimise the risk of injury, a more vigorous middle section focused on aerobic endurance and strength conditioning, and a cool down section at the end. Time for meeting and talking with friends was incorporated into the timetable. Most classes lasted for 75 minutes, of which 45 minutes was physical activity. A range of other activities (such as bowling, swimming, country walking, and tea dances) were also organised to try to appeal to a broad range of people of varying interests and abilities.
Most classes were held in church halls, community centres, and less frequently in residential homes, and all attendances at the classes were recorded. The programme was designed without reference to any explicit behavioural model or theory, and there was no attempt to assess individual psychological state in any way. It was intended as a pragmatic intervention that could easily be organised for a large population by a public health agency.
Outcomes
The main outcomes were all cause and cause specific mortality (from coronary heart disease, stroke, hip fracture, diabetes, or mental disorder), hospital admission, and change in health status. Deaths were identified by querying the study practices, local health authority records, and National Health Service Central Register. Hospital admissions were identified through the local health authority database, and using this we also recorded the use of outpatient and accident and emergency services during the two years before and after the intervention began. Health related quality of life was measured using the SF-36, by postal survey at baseline, and one and two years after the intervention began. We also used this survey to ask about use of GP services.
Economic analysis
The analysis was undertaken from a health service perspective and designed to enable a cost utility analysis to be performed if the intervention proved to be both more costly and more beneficial. Results were expressed as an incremental cost per quality adjusted life year (QALY), which can be compared with other interventions purchased by health services. The problems and limitations of this approach are well known, 14 but it provides some guidance to policymakers on the cost effectiveness of offering exercise to older people compared with other possible uses of these resources.
The costs of running an exercise programme include recruitment, administration, hire of halls, payments to the exercise leaders, and refreshments. Despite being a highly pragmatic trial, there were some features of the programme that were specific to the research study and it was necessary to adjust for these to allow the costs to be generalisable to healthcare providers. For example, the input of the administrators was adjusted to allow for the proportion of their time spent on data collection rather than the exercise programme. Resources used in the exercise programme were based on actual prices paid. All costs have been inflated to 2003/04 price levels using the Hospital and Community Health Services pay and price index and gross domestic product deflator.
SF-36 data have been converted into health state utility values using a recently estimated preference based algorithm. 15 16 The area under the curve between assessments was used to provide an overall estimate of the QALY difference between the intervention and control arm after adjusting for significant baseline variables. 17 Because cost and benefit data have been collected only for two years, the ongoing costs and health benefits have not been discounted, although the start up costs of the exercise programme have been annuitised over a five year period. The ratio of the differences in cost and QALY between the intervention and control arms has been estimated at the individual level after adjustment, with 95% confidence intervals estimated by bootstrapping. The sensitivity of the results to possible uncertainties in key parameters has been explored.
Sample size
The sample size was calculated with respect to the incidence of exercise related cause specific death or admission. The expected two year incidence of these conditions in the population aged over 65 eligible to be offered exercise was 14%. To have an 80% chance of detecting as significant (at p,0.05) the fact that the risk of admission or death from these causes in those offered exercise is reduced to 11%, about 1400 people in the intervention group and 2800 in the non-intervention (control) group would need to be randomised. 18 These sample sizes give over 90% power to detect a change of five points or more in the quantitative SF-36 scores. The implications of cluster randomisation for the power of the study are discussed below.
The trial was designed with twice as many controls as intervention subjects because the relative costs of including controls were very small. To achieve the sample sizes we recruited and randomised four intervention practices and eight control practices.
Analysis
In line with the policy related and pragmatic design of the study, the primary analyses were carried out for the whole study population whether or not they took up exercise, and compared estimates of outcome between the four intervention practices and eight control practices-that is, at the cluster level.
The nested or clustered structure of the data was formally taken into account using random effects multilevel models, fitted using Stata and adjusted for person level covariates. The covariates used in the model were age and baseline physical activity score (as continuous), sex, smoking, whether living alone, type of accommodation, and hospital admissions in the two years before the intervention period (as categorical). No practice level covariates were used. The models were used to test for differences between the intervention and control practice populations in the proportions who had died by two years and three years, the proportion admitted to hospital within two years and the proportion who had either died or been admitted within two years. Each of these analyses was carried out both for all cause end points and for exercise related (cause specific) end points, as described above.
The possibility of differences in the timing of deaths and any differences in sample characteristics was taken into account using a Cox regression model for time until death and adjusting for the covariates given above. The adjusted practice effects (the Cox regression coefficients) were tested to see whether mortality hazard rates differed between intervention and control practices using a simple MannWhitney rank test.
The SF-36 results were analysed using the eight dimensions, our additional ''extended physical function'' dimension aimed at older people 19 and three composites: the physical component score, the mental component score, and a preference based single index of health. 15 16 The area under the ''curve'' described by the scores at baseline, one year and two years, net of the baseline score, was used as the measure of change. Comparisons between intervention and control practices, adjusted for the covariates given above, were made using random effects multilevel models as described. Table 1 shows the characteristics of the 12 practices recruited into the study, and their patients. After two reminders, the overall response rate to the first recruitment survey was 82%. After excluding the most active one fifth, 6420 people formed the total study population (fig 1) . No person was excluded from the study by their GP.
RESULTS
Response
During the two year intervention period 2040 sessions of exercise were provided, resulting in a total of 27 800 person sessions of exercise. In all, 26% (590 of 2283) of the eligible study population attended one or more sessions. Attendance was more likely among women than men (29% v 20%, p,0.001), younger than older (29% among those aged under 75 v 23% among those 75 and older, p = 0.001), and most active than least active people (37% among those with PAQ score 5 or more v 23% among those with PAQ score below 5, p,0.001). Of those ever participating in the programme, 50% attended at least 28 sessions and 30% attended at least 60 sessions during the intervention period. Of the 6420 people replying to the baseline survey, 39% had missing health status outcome data, due mainly to not responding to either or both the follow up surveys. There was slightly more missing data in the intervention group (41.8%) than the control group (37.5%), which was inversely related to baseline health status.
Mortality
After two years, 788 of the 6 420 subjects had died (12.3%). The proportion was similar in each cohort: 12.4% (283 of 2283) of the intervention cohort and 12.2% (505 of 4137) of the control cohort. After three years 990 people had died (15.4%), and again this proportion was the same in each cohort (table 2) . For exercise related conditions there was a suggestion of lower mortality in the exercise arm at both two and three years but this did not reach statistical significance. The individual survival times until death from any of the selected exercise specific conditions were examined using Cox regression models as described, and showed no significant differences between trial arms (p = 0.50).
Use of health services
At two year follow up there was no evidence that fewer people were admitted from any cause or from the exercise related causes in the intervention populations compared with the control populations (table 2) . Indeed, slightly more of the intervention population were admitted (37.4%) than of the control population (35.6%). There was no evidence of any difference in the use of other health services.
Death or admission
For all causes there was little evidence of any difference between the intervention group and the control group in the proportions who died or were admitted to hospital in the two years from the start of the exercise classes (table 2) and, for the primary outcome looking at numbers who were admitted or died from the selected exercise specific causes, the rates were similar: 12.3% in the intervention group and 12.6% in controls.
Health related quality of life After adjusting for baseline characteristics, patients in intervention practices were estimated to have had less decline in health status than controls in every SF-36 dimension, although this reached conventional levels of significance only for the energy dimension (table 3) . The composite scores also showed less decline in health status over the two year period in intervention than control populations, which was significant for the physical component score and the preference based single index (fig 2) .
Assuming an additive effect, the effect of exercise on those who actually attended the exercise programme can be estimated as the difference in effect between the intervention and control practice populations divided by the proportion who ever attended (0.26). 20 Using this method table 3 also shows that the estimated average effect, in those who actually attended sessions, for both mental and physical health and some individual dimensions, exceeded the levels regarded by the SF-36 developers as indicating a clinically worthwhile gain in health related quality of life. 21 
Economic evaluation
The annual cost of the exercise programme was estimated to be J128 302. This yields a mean cost per session of J125.78 and a cost per attendee per session of J9.06, assuming activity levels equal to those found in the trial (table 4). As we found no evidence of any difference in the use of hospital services between trial arms, these services have not been costed.
The main uncertainties concern the costs of the administrators and coordinator, the fees paid to exercise leaders, and the number of participants per exercise session. Administration and coordination may have been better resourced in terms of person hours than would be the case in a routine service, but a practice based programme may have used the more expensive resource of a practice nurse. The sensitivity analysis explored the consequences of halving the time and employing practice nurses rather than technicians. The session fee of exercise leaders was varied at plus or minus J4.46. Finally, the number of attendees was varied between 8 and 20 per session.
QALY benefits could be estimated only for the 3149 people who completed the SF-36 at all three assessments (2097 control and 1052 intervention persons), so we examined three different approaches to calculating cost per QALY:
(a) the total cost of the programme divided by the QALY gain for survey completers only (that is, n = 1052); (b) the cost for survey completers only divided by their QALY gain (n = 1052); (c) the total cost divided by the QALY gain assuming all the participants in the intervention arm experience the average gain (that is, n = 2283).
We took the second assumption as the central estimate. Combining this with the central cost estimate yields a mean cost per QALY of J17 172 (95% CI = J8300 to J87 115). Changing these assumptions resulted in the cost effectiveness of the exercise programme varying between J4739 and J32 533 per QALY, depending on the cost estimate and extrapolation assumptions. N There is also some experimental evidence that exercise may improve health and prevent injury, but little economic evidence available on the costs and health benefits of exercise programmes.
N This study shows that a large scale, community based programme of exercise classes for older adults can be effective in producing improvements in physical and mental health at reasonable cost.
N Such a programme would be a practical, affordable, and popular investment for local healthcare commissioners.
Policy implications
The programme we have evaluated would be a practical, affordable, and probably popular investment for local healthcare commissioners, producing modest health gain at a reasonable cost. The economic evaluation provides support for the contention that exercise is a ''best buy'' in public health terms, and the programme we have described is an example of how the ''exercise services'' envisaged by the UK's National Service Framework for Older People might be developed.
DISCUSSION
The programme we provided and evaluated generated both worthwhile changes in health related quality of life for the substantial number of regularly active participants, constantly remarked upon and appreciated by the participants themselves, as well as an affordable average health gain at the population level. A community based intervention of this sort is practical, affordable, and enjoyable for participants and, our evidence suggests, may be justifiable in terms of health gain.
Despite the absence of evidence for some of the expected gains in mortality and potential savings from reductions in use of health services, the central cost per QALY estimate of J17 172 compares favourably with other healthcare interventions. 22 The uncertainty in this result depends less on the specific assumptions underlying the costing of the programme or the application of the estimated benefits than on statistical uncertainty surrounding the size of the improvement in health status.
Although a number of previous trials of physical activity have included an economic evaluation, few have assessed health outcomes and so have been unable to estimate a cost per QALY. We have been able to identify only one trial-of aquatic exercise for adults with osteoarthritis-in which a cost per QALY was estimated (in this case, ranging from $32 000 to $205 000). 23 Our trial therefore seems to be the first that has attempted to evaluate empirically the cost effectiveness of exercise as a community level intervention.
This was a highly pragmatic trial of the effectiveness of exercise when offered as a public health intervention to a comparatively unselected sedentary population, and we have analysed the trial in a pragmatic, area based way to reflect this approach. This has enabled us to avoid the considerable difficulties of selection bias in both participation and adherence that can afflict individual level studies. Our analysis has focused on simplicity and is generally conservative. However, although the results of the trial are modest, there are a number of reasons to suppose that they may tend to underestimate the true health benefits achieved by the programme.
Firstly, the follow up period may not have been sufficient to measure some of the longer term benefits, notably for mortality and admission rates. Secondly, missing SF-36 scores from non-respondents has led us to assume no benefit in these non-responders for the purposes of calculating QALY gain. Thirdly, the benefit enjoyed by people who exercised, particularly those who participated throughout the programme, was certainly far greater than the modest average suggests. Simple assumptions suggest that the benefits for those who actually took up exercise were often of clinical as well as statistical significance. Fourthly, we originally designed this study as a community intervention trial to be analysed at an individual level. 24 However, because we chose the intervention practices at random we have been able to analyse it using multilevel techniques developed after our study protocol was completed. Although the estimated intraclass correlations are small, this has resulted in some loss of power for testing for mortality and admission rate reductions, and so the absence of evidence of benefit for these outcomes should not be interpreted as evidence of absence of benefit.
Although there is considerable uncertainty around the central estimate, which might have been reduced with higher levels of participation and lower levels of missing data, we believe the finding is robust and reflects the fact that an exercise programme can, given adequate attendance, produce worthwhile physical and mental health gain in large numbers of older adults at low cost. The economic evaluation provides further support for Morris' contention that exercise is a ''best buy'' in public health terms, 25 and the programme we have described is an example of how the ''exercise services'' envisaged by the UK's National Service Framework for Older People might be practically developed to worthwhile effect. 26 
